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CH, and N,O Emissions Using Tower Measurements in Calif

Outline

o Introduction
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 Results of non-CO, GHG emissions for
California
* Implications for California




CH, and N,O Emissions Using Tower Measurements in California

Introduction

e Californiais the first state in
US to legislate GHG controls
— AB-32: Return to 1990 levels
by 2020
e Total non-CO, GHG emissions
~10% of CA total inventory
— Uncertainties in inventories
are large

— Industrial and biological
sources are not readily
metered

 Atmospheric inverse method
provides independent check
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CH, and N,O Emissions Using Tower Measurements in California

Approach

WRF

Meteorology

Tower Emission
Measurements Model
y [ ]
STILT Bayesian
Footprints Inversion

Scaling Factor Bayesian Inversion (SFBI)

A _1n—1 _ _
y=HsyA+v 1= (KTR'K+Q;') (K"R'y+Q3'4,)
y: measurement —background H: footprint s,: prior emission

A: state vector K=H Sy R: model data mismatch covariance
Q;: prior covariance A,: prior for A v error ~ N (O, R)
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Meteorological Model

Weather Research Forecast

for CA

(WRF) Model

North American Regional
Reanalysis (NARR) boundary and

initial conditions

6-hour spin-up [Zhao et al.,

2009]

Two-way nesting WRF running
with four nest levels (five
domains)

5-layer thermal diffusion land
surface scheme (LSM) during
summer

NOAH LSM during other seasons

MYJ PBL scheme
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CH, and N,O Emissions Using Tower Measurements in California

STILT Footprint Simulations

» STILT footprints relate surface emissions to predicted signals at towers
* Footprints vary with season, capturing emissions from different regions

* Multiple towers improve sensitivity over a larger area

Seasonal Mean Mid

day Footprints, WGC

(Dec 2007 — Nov 2008)
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Error Analysis for Inversion

Quantify error sources

Propagate errors through
modeling system to provide
guantitative uncertainties

= Boundary layer ~20-45%

= Wind Velocity ~ 10%

= Background ~ 10 - 60 %

= Aggregation~ 11 %

= Other~ 8%

Quadrature sum ~ 50 - 65%

of signal for individual time
points
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Model Measurement Comparison for
CARB-CEC-LBNL-NOAA Network, 2010 - 2011

Predicted CH4 (ppb)

* Predicted signals are typically 55 — 75 % of measurements

* Outliers are removed after initial inversion [Bergamaschi et al., 2005]

* Inverse (50% error in prior) produces posterior predictions consistent
with measurements

B y=-19.73+/-1.83 + x * (0.66+/-0.02) B y=-11+/-2.87 +x * (g.QSCJJrf—O.OB)
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Bayesian Inverse Emission Estimate
CH, Tower Network, 2010 - 2011
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e Tower network constrains ~
90% of CA CH4 emissions
* Posterior emissions 1.6+/-0.1
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Model Measurement Comparison for N,O
Walnut Grove, 2008 - 2009

Predicted N2O (ppb)

6
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4

N,O emissions estimated by two years of daily N,O flask
measurements and Edgar3.2 emission maps (1 deg. X 1 deg.)

Predicted signals are typically 20 — 50% of measurements

Inverse produces posterior predictions consistent with measurements

y =-0.19+/-0.13 + x * (0.57+/-0.09)
RMSerror (1:1) =2

y = -0.04+/-0.05 + x * (0.53+/-0.04)
RMSerror (1:1) =1

Prior
Winter

Measured N20 (ppb)

Predicted N20O (ppb)

© - y = -0.08+/-0.06 + x * (1.04+/-0.04)
RMSerror (1:1) = 0
o -
Posterior
< 1 Winter . ”

Measured N20 (ppb)
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Bayesian Inverse N,O Emission Estimate
WGC, 2008 - 2009

* Annual mean posterior

N20 emissions for = Prior
Regions 6, 7, 8 are 19.0+/- o : gﬁ:llwnnger
2.8 MMT CO, eq _ = Fall
 significantly greater = W Winter
than CARB total for N
CA (*13MMT CO2eq) O = -
e ~3times Edgar3.2 S
emissions =
* ~5 times CARB total S
. . Z 0 -
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distribution follows B
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Implication for California Non-CO,,

Emissions

Posterior CH, emissions: 44.8+/-3.6 MMT CO, eq. for CA
= 1.6+/-0.1 times CARB inventory (28 MMT CO, eq.)

Posterior N,O emissions for Regions 6, 7, 8: 19.0+/-2.8
MMT CO, eq.

* |f Edgar spatial distribution applies — questionable

= Total California CH, and N,O emissions constitute ~20% of total
CARB GHG emissions (543 MMT CO, eq.)

Additional measurements needed
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